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A B S T R A C T
Background and objectives: Low levels of vitamin D among dark-skinned migrants to northern
latitudes and increased risks for associated pathologies illustrate an evolutionary mismatch between
an environment of high ultraviolet (UV) radiation to which such migrants are adapted and the low UV
environment to which they migrate. Recently, low levels of vitamin D have also been associated with
higher risks for contracting COVID-19. South Asians in the UK have higher risk for low vitamin D lev-
els. In this study, we assessed vitamin D status of British-Bangladeshi migrants compared with white
British residents and Bangladeshis still living in Bangladesh (‘sedentees’).
Methodology: The cross-sectional study compared serum vitamin D levels among 149 women aged
35–59, comprising British-Bangladeshi migrants (n¼ 50), white British neighbors (n¼ 54) and
Bangladeshi sedentees (n¼ 45). Analyses comprised multivariate models to assess serum levels of
25-hydroxyvitamin D (25(OH)D), and associations with anthropometric, lifestyle, health and migration
factors.
Results: Vitamin D levels in Bangladeshi migrants were very low: mean 25(OH)D¼ 32.2 nmol/
L 6 13.0, with 29% of migrants classified as deficient (<25 nmol/L) and 94% deficient or insufficient
(50 nmol/L). Mean levels of vitamin D were significantly lower among British-Bangladeshis com-
pared with Bangladeshi sedentees (50.9 nmol/L 6 13.3, P< 0.001) and were also lower than in white
British women (55.3 nmol/L 6 20.9). Lower levels of vitamin D were associated with increased body
mass index and low iron status.
VC The Author(s) 2021. Published by Oxford University Press on behalf of the Foundation for Evolution, Medicine, and Public Health. This is an Open
Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
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Conclusions and implications: We conclude that lower exposure to sunlight in the UK reduces vitamin D levels in Bangladeshi
migrants. Recommending supplements could prevent potentially adverse health outcomes associated with vitamin D deficiency.
Lay Summary: Vitamin D deficiency is one example of mismatch between an evolved trait and novel environments. Here we compare
vitamin D status of dark-skinned British-Bangladeshi migrants in the UK to Bangladeshis in Bangladesh and white British individuals.
Migrants had lower levels of vitamin D and are at risk for associated pathologies.
K E Y W O R D S : migration; mismatch; British-Bangladeshis; vitamin D
INTRODUCTION
Human skin color evolved over several thousand years as our
ancestors migrated from warmer, lower latitudes to northern
climes where there was significantly less sunlight [1].
Depigmented skin is thought to have evolved over thousands of
years, primarily to facilitate vitamin D absorption in the new
geographic regions to where humans slowly migrated. The phe-
nomenon of more rapid migration only occurred when humans
evolved the technological capacity to travel quickly over vast dis-
tances. In evolutionary medicine, the concept of ‘mismatch’
refers to pathologies that occur when traits that evolved under
one set of conditions no longer fit the novel environments in
which humans find themselves [2, 3]. Vitamin D deficiency falls
into this category of evolutionary explanation because, following
rapid migration, darkly pigmented skin can be detrimental in
northern latitudes leading to vitamin D deficiency with a variety
of health consequences [4, 5]. This deficiency can be exacer-
bated where cultural practices, such as diet, clothing and clois-
tering, also prevent exposure to sunlight [4, 6]. Conversely, the
migration of depigmented individuals to southern latitudes has
led to a steep rise in skin cancer, especially where individuals
fail to protect themselves from ultraviolet (UV) exposure [2].
Up to a billion people worldwide are currently estimated to
have low vitamin D levels, making it one of the most common
micronutrient deficiencies in humans [7, 8]. Health impacts can
be severe, including risk of rickets and osteomalacia [9, 10];
additional health impacts are disputed in relation to cancers
[11], dementia [12] and cardiovascular diseases [13]. Effects are
most pronounced in cases of clinical vitamin D ‘deficiency’
(serum concentrations of 25-hydroxyvitamin D (25(OH)D) <25
nmol/l), but even ‘insufficiency’ (concentrations 50 nmol/l)
can produce clinical features such as lower bone density [14],
non-specific muscle and joint pain [15, 16], increased risk of
falls and fractures [17] and weaker muscle strength [15]. Some
of these have been shown to be reversible with vitamin D sup-
plementation, such as bone density, risk of falls and fracture
risk [17, 18].
More recently, low vitamin D has been linked to risks for
greater morbidity and mortality for COVID-19, although this as-
sociation remains controversial [19]. In two recent studies of
health workers and patients, levels of plasma 25(OH)D were
significantly lower among those who were infected with COVID-
19 [20, 21]. However, other studies have found no association
between 25(OH)D levels and risks for COVID-19 after control-
ling for socio-economic, demographic and other predisposing
health risk factors [22]. Previous meta-analyses have shown that
vitamin D supplementation can help to prevent respiratory dis-
eases, especially in deficient individuals [23]; it could be that
this is also true for COVID-19. Future clinical trials that are cur-
rently underway should help to clarify the association.
In the UK, vitamin D deficiency is a well-recognized public
health issue, present in just over a quarter of adults from
January to March, and in only 4% of adults from July to
September [24]. Mean 25(OH)D in adults aged 19–64 varies
seasonally from 36.2 (January–March) to 57.7 nmol/L (July–
September). A comprehensive model developed by O’Neill
et al. [25] suggests that vitamin D is lowest in white British be-
tween November and April, and highest from May to October,
with a peak in August and a nadir in January. Other general fac-
tors associated with poor vitamin D status include being over-
weight [26], smoking [27], chewing betel quid (a common
practice among South Asians) [28] and low iron levels [29], al-
though with the exception of obesity, the direction of causality
of these factors is not firmly established [26].
Low vitamin D is especially common in darker-skinned
migrants to the UK [4, 5]. This has been recognized as a prob-
lem among South Asians for decades [30] and is mirrored in
other European countries including among Bangladeshi
migrants in Greece [31] and Sri Lankans in Norway [32]. Even in
their countries of origin, some South Asians are reported to be
deficient in vitamin D depending on lifestyle factors presumably
affecting outdoor exposures [6]. In South Asians, the associa-
tions between low 25(OH)D, rickets and non-specific musculo-
skeletal problems is also well established [16, 33]. Islam et al.
[18] showed that supplementation with vitamin D had a positive
effect on bone mineral density (BMD) in Bangladeshi women
with low levels of 25(OH)D, indicating that some of the nega-
tive impacts of vitamin D deficiency can be readily reversed in
this population.
The UK Department of Health guidelines currently recom-
mend regular vitamin D supplementation for anyone with clinic-
ally defined deficiency [34]. For those with 25(OH)D levels of
25–50 nmol/l, supplementation is recommended if a person is
at higher risk than average for adverse consequences of vitamin
D insufficiency, such as those with bone disease, the elderly,
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the obese and those with darker skin. Currently, it is estimated
that only 23–39% of British South Asians take vitamin D supple-
ments [35].
The aim of this study was to compare vitamin D levels among
(i) British-Bangladeshi migrant women, (ii) white British
women living in the UK and (iii) Bangladeshi women in their
country of origin (sedentees). We aimed to assess associations
between vitamin D status and potential determinants, such as
time of year, anthropometric factors, other nutrient deficiencies
(such as iron), educational status, time since migration and life-
style factors (such as tobacco use). Given the recent history of
migration of Bangladeshis to the UK and the mismatch between
their skin pigmentation and low UV exposure in their new envir-
onment, we hypothesized that British-Bangladeshi migrants
would, on average, be deficient in vitamin D. We also hypothe-
sized that the white British and Bangladeshi sedentee women
would, on average, be sufficient in vitamin D.
METHODOLOGY
Participants and recruitment
Between March 2007, and May 2010, 149 women aged 35–59
who were willing to undergo phlebotomy were recruited into a
wider study of reproductive ageing [36, 37]. They comprised (i)
50 first-generation, Bangladeshi migrants living in London, UK
and originating from Sylhet, northeast Bangladesh, (ii) 54 white
British women of European origin also living in London and (iii)
45 middle-class, sedentee Bangladeshis in Sylhet, Bangladesh,
matched to the UK migrants for socio-economic status and like-
lihood of migration. UK-based participants were recruited from
community centers, advertisements in local newspapers and
posters in public places (such as doctors’ surgeries and libra-
ries). The women in Sylhet were recruited using personal net-
works and snowball techniques (where participant contacts
help to expand recruitment networks).
Participants were screened (by email, telephone or face-to-
face interviews) according to the requirements of the original
study. Exclusion criteria included being pregnant or lactating,
having thyroid disorders, a hysterectomy/oophorectomy or use
of exogenous hormones (such as hormone replacement ther-
apy) in the prior 3 months. It was not anticipated that any of
these exclusion criteria would have affected vitamin D status ex-
cept for pregnancy/lactation. The white British women all had
parents born either in the UK or in the Republic of Ireland.
Questionnaires
A three-part questionnaire was administered to all participants
during face-to-face interviews. These were conducted in English
for the white British group while, for Bangladeshi migrants and
sedentees, either Bengali (the national language of Bangladesh)
or Sylheti (the local dialect) was used by a researcher fluent in
the relevant language (K.B. or T.S.).
The questionnaire contained information on demographics
(age, religion, self-reported ethnicity, years of education), migra-
tion history (for Bangladeshi migrants, age at migration and
therefore number of years in the UK) and lifestyle information
(calcium and non-specific vitamin supplementation, smoking,
betel nut consumption). Almost half of the sedentees (49%,
n¼ 22) and one migrant (2%) were born before official record-
ing of births in Bangladesh and were, therefore, uncertain of
their exact age. These participants were asked to estimate their
date of birth using a 21-item event calendar (e.g. the date of the
India–Pakistan war or specific natural disasters such as
cyclones).
Anthropometry
Participants were measured for their height, weight, waist cir-
cumference, hip circumference, triceps skinfold thickness and
mid-upper arm circumference using standardized techniques
[38]. From these measurements, both the body mass index
(BMI) and the waist-to-hip ratio (WHR) were calculated.
Serum samples
One blood sample of 5 ml was taken from each woman using
methods described elsewhere [39]. All samples for the sedentee
Bangladeshis were taken in March and April (because of rela-
tively constant levels of sunshine across the entire year), while
samples from the other groups were taken throughout the year.
To separate the serum, samples were centrifuged, then stored
at 20C in laboratories at University College London (UCL) or
the M.A.G. Osmani Medical College, Sylhet, Bangladesh.
Samples from Sylhet were transported on dry ice to UCL where
analyses of all samples were performed together. Both
25(OH)D and ferritin were analyzed using an electrochemilumi-
nescence immunoassay kit (Roche Molecular, Biochemicals,
Mannheim, Germany). Although this method has since been
superseded by liquid chromatography tandem mass spectrom-
etry (LC/MS/MS) as the gold standard to measure 25(OH)D, it
has been shown to have acceptable performance [40]. Total
25(OH)D was measured (sum of vitamin D2 and D3), hereafter
referred to simply as ‘25(OH)D’. For 25(OH)D, mean intra- and
inter-assay coefficients of variability (CV) were <10%, and the
measuring range of the assay was 10–250 nmol/L. For ferritin,
the mean CV was <11.6%, with a measuring range from 0.5 to
2000 ng/ml. Following standard procedures [41], vitamin D sta-
tus was defined as follows: levels >50 nmol/L are ‘sufficient’,
25–50 nmol/L are ‘insufficient’ and levels <25 nmol/L are
‘deficient’.
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Data analyses
Since vitamin D status varies dramatically over the course of a
year among people living in the UK due to varying levels of sun-
light [24], the white British and British-Bangladeshi samples
were grouped into two seasons, following O’Neill et al. [25]:
from May to October when vitamin D levels tend to be highest
(extended ‘summer’), and November to April when levels are
normally lowest (extended ‘winter’). The majority of both
groups participated in the summer (67% migrants and 70%
white British). The same proportion of women were sampled in
the summer and winter in each group (P¼ 0.832,
Supplementary Table S2). Differences in serum 25(OH)D be-
tween grouped summer and winter samples were analyzed
using independent t-tests.
For analyses including BMI, results were grouped into
WHO categories [42] (<18.5¼ underweight, 18.5 and
<25¼ healthy, 25–30¼ overweight and >30¼ obese), but since
there were only three underweight women, BMI categories were
combined into two groups: <25 (normal weight) and 25
(overweight and obese).
Since Bangladeshis had fewer years of education, on average,
than the white British women, we defined ‘low education’ as
<10 years in whites and <6 years in Bangladeshis and ‘high
education’ as 10 and 6 years in white women and
Bangladeshi women, respectively. Independent t-tests were
then performed to assess for differences in serum 25(OH)D be-
tween low and high education groups.
Univariate statistics. Chi-square analyses were performed to
detect significant differences in vitamin D status (deficient, in-
sufficient and sufficient) between each group. To assess differ-
ences between groups (white British, Bangladeshi migrant and
Bangladeshi sedentee), variables that were normally distributed
(age, height, weight, BMI, WHR, triceps skin-fold thickness,
arm circumference, 25(OH)D) were analyzed using one-way
ANOVAs with Bonferroni post hoc. Variables that were not nor-
mally distributed (ferritin, years of education) were analyzed
using Kruskal–Wallis tests. For smoking and betel nut use with
tobacco, results were combined into one binary variable (‘any
tobacco usage’). Calcium supplements and vitamin/mineral
supplements were also combined into an ‘any supplements’
variable. Chi-square tests were performed to assess differences
in these variables across the three groups.
Bivariate analyses of associations between levels of vitamin
D and linear variables (BMI, age, WHR, triceps skin-fold thick-
ness, arm circumference, time since migration) were performed
using Pearson correlations. Independent t-tests were then per-
formed, comparing vitamin D deficient versus not deficient,
and again comparing insufficient versus sufficient. Independent
t-tests were used to assess associations between BMI catego-
ries and vitamin D levels. As a covariate, ferritin status was
grouped into ‘low’ and ‘adequate’ according to the recom-
mended level set by the manufacturer of the assay (<13 ng/ml
for low, 13 ng/ml for adequate). Participants with abnormally
high levels of ferritin (>150 ng/ml) were excluded from the
analyses. Fisher’s exact tests were performed to analyze associ-
ations between ferritin status and vitamin D sufficiency status
(50 nmol/L vs >50 nmol/L). Independent t-tests were per-
formed to assess differences in mean 25(OH)D between those
who used tobacco versus non-users and those who took supple-
ments versus no supplements.
Multivariate analyses. Multivariate analyses were performed
using all variables that approached significance in bivariate
tests (yielding a P-value <0.2). Since triceps skin-fold thickness
was significantly associated with vitamin D levels, but corre-
lated with BMI, the latter was included in the analyses. To ac-
count for the fact that there was minimal seasonal variation in
sunlight exposure in Bangladesh, the participants were split
into two groups: Group ‘A’, comprising the white British women
and Bangladeshi migrants, and Group ‘B’, the Bangladeshi sed-
entees. For Group A, variables included in each model were (i)
season of sampling, (ii) group (i.e. white vs migrant), (iii) fer-
ritin status, (iv) BMI and (v) age. For Group B, variables were
(i) ferritin status, (ii) BMI and (iii) age.
For both Groups A and B, three models were then analyzed.
Model 1 assessed associations between the covariates and vita-
min D as a continuous variable using linear regression. Models
2 and 3 used binary logistic regression: Model 2 assessed
whether there was an association between the covariates men-
tioned above and being either deficient (i.e. <25 nmol/L
25(OH)D) or not deficient. Model 3 did the same but used the
higher cut-off of sufficiency (i.e. 50 nmol/L 25(OH)D).
Therefore, there are six models in total: three for Group A,
labelled A1, A2 and A3, and the same for Group B (B1, B2 and
B3). Model B2 was not considered valid as there were only two
participants in the deficient group, limiting statistical analysis.
Statistical analyses were performed using SPSS 24.0.
Significance for all tests was set at P 0.05.
Ethical approval
Ethical approval for the study was obtained from the
Institutional Review Board of UMass Amherst, and the Ethics
Committees at University College London, Durham University,
and the M.A.G. Osmani Medical College, Sylhet, Bangladesh.
RESULTS
Sample characteristics
One participant in the Bangladeshi migrant group had a
25(OH)D level >4 times the upper assay limit, so was excluded
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from analyses. Therefore, the final sample included 148 partici-
pants (49 Bangladeshi migrants, 54 white British women and
45 Bangladeshi sedentees).
Sample characteristics are shown in Table 1. The mean age
of all women was 46.4 years with no significant differences
across the three groups. Mean BMI was higher in the migrant
Bangladeshi group than the sedentees (27.1 and 24.9, respect-
ively, P¼ 0.049). White British women had more years of educa-
tion than the other two groups (13.1 compared to 8.9 in
migrants and 9.4 in sedentees, P< 0.001). Mean ferritin was
highest in the white women (56.3 ng/ml) and lowest in the
migrants (35.2 ng/ml), and differed significantly between these
two groups (P¼ 0.044), but not between the sedentees and ei-
ther of the other groups.
White British women were more likely to smoke (13.7% vs no
smokers among either migrants or sedentees), but many
migrants and sedentees chewed betel nut quid that contained
tobacco (30.6% and 48.8%, respectively). There was no
significant difference in calcium or vitamin supplement usage
between the groups (with 6–16% of each group taking calcium
supplements and 20–37% taking any other supplements).
Migrant Bangladeshis were all Muslim while 36.4% of the sed-
entees were Hindu. These data are displayed in Supplementary
Table S1.
Vitamin D status
Vitamin D levels were significantly lower in migrant
Bangladeshis than the other two groups: mean 25(OH)D in
migrants was 32.2 nmol/l 6 13.0 compared to 55.3 nmol/
l 6 20.9 in white British women and 50.9 nmol/l 6 13.3 in sed-
entees (P< 0.001, Fig. 1). Bangladeshi migrants were therefore,
on average, insufficient in vitamin D, while a significant propor-
tion was deficient (Table 1). Most sedentees (58%) were suffi-
cient, with only two individuals (4%) being deficient, while 56%
of the white population in London was sufficient with likewise a

























Age (years) 47.1 (7.0) 45.6 (6.6) 46.6 (6.9) 46.4 (6.8) 0.541 0.831 1.000 1.000
Height (cm) 162.4 (5.9) 152.8 (7.0) 150.6 (5.6) 155.7 (8.1) <0.001 <0.001 0.289 <0.001
Weight (kg) 67.4 (14.4) 63.5 (10.2) 56.6 (11.6) 62.8 (13.0) <0.001 0.319 0.023 <0.001
BMI (kg/m2) 25.5 (5.0) 27.1 (3.5) 24.9 (4.6) 25.8 (4.5) 0.042 0.190 0.049 1.000
WHRd 0.78 (0.09) 0.85 (0.06) 0.83 (0.06) 0.82 (0.08) <0.001 <0.001 0.779 0.002
Triceps skin-fold
thicknesse (cm)
20.4 (6.5) 28.8 (7.3) 23.8 (8.8) 24.2 (8.3) <0.001 <0.001 0.005 0.090
Arm circumferencef
(cm)
28.3 (3.7) 30.4 (4.0) 27.5 (4.7) 28.8 (4.3) 0.003 0.046 0.003 1.000
Ferritin (ng/ml) 56.31 (53.76) 35.21 (36.99) 45.76 (34.53) 46.11 (43.86) 0.011 0.044 0.719 0.686
Years of educationg 13.1 (2.4) 8.9 (3.3) 9.4 (3.8) 10.7 (3.7) <0.001 <0.001 1.000 <0.001
Vitamin D status: number of participants (percentage of group)
Deficient
(<25 nmol/l)
3 (5.6%) 14 (28.6%) 2 (4.4%) 19 (12.8%)
Insufficient
(25–50 nmol/l)
21 (38.9%) 32 (65.3%) 17 (37.8%) 70 (47.3%) P < 0.001
Sufficient
(>50 nmol/l)
30 (55.6%) 3 (6.1%) 26 (57.8%) 59 (39.9%)
Values indicate mean (standard deviation). 25(OH)D, 25-hydroxyvitamin D3. P-values in bold indicate significant difference between the groups
(P< 0.05).
aP-value between white British and Bangladeshi migrant groups.
bP-value between Bangladeshi migrant and Bangladeshi sedentee groups.
cP-value between white British and Bangladeshi sedentee groups.
dMissing data for n¼ 3 whites, n¼ 1 migrant.
eMissing data for n¼ 2 whites, n¼ 1 migrant.
fMissing data for n¼ 5 whites, n¼ 1 migrant.
gMissing data for n¼ 8 migrants, n¼ 1 sedentee.
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very low proportion (6%) being deficient. However, among both
the sedentees and white British, a large proportion was insuffi-
cient (38% and 39%, respectively).
There was a significant difference between winter and sum-
mer values in the white British group (summer mean 25(OH)D
59.9 nmol/l 6 18.2; winter mean 25(OH)D 44.2 nmol/l 6 23.1,
P¼ 0.010), but not in the Bangladeshi migrant group, although
the winter values were lower (summer mean 25(OH)D
34.6 nmol/l 6 12.1; winter mean 25(OH)D 27.2 nmol/l 6 13.9,
P¼ 0.061, Fig. 2).
Vitamin D insufficiency was associated with low iron status
(P¼ 0.02; Supplementary Table S3). Vitamin D levels were also
lower in overweight/obese women (BMI 25, mean vitamin D
43.4 nmol/l) than in those with a BMI <25 (mean vitamin D
49.8 nmol/l, P¼ 0.043). Other anthropometric variables which
could be expected to vary with BMI (WHR, triceps skin-fold
thickness) showed similar correlations with vitamin D (see
Supplementary Tables S4 and S5).
There was no association between vitamin D status and age,
educational status, tobacco use, non-specific supplement use or
length of time since migration (see Supplementary Table S6).
In each of the three ‘Group A’ (white and migrant) regression
models that included group, age, season of sampling, BMI and
ferritin status as covariates, only group and season of sampling
were significantly associated with levels of vitamin D (Table 2).
In the ‘Group B’ (sedentee) models, we found no significant ex-
planatory variables for vitamin D status (Table 3).
DISCUSSION
In relation to our first hypothesis, vitamin D deficiency and in-
sufficiency were strikingly prevalent in the migrant population
when compared to the white British and sedentee women in
Bangladesh, with 29% of the migrants (14 out of 49) being defi-
cient (25(OH)D< 25 nmol/l). These women were therefore at
potential risk of bone disorders, ranging from fractures and
lower bone mineral density [14] to serious conditions such as
osteomalacia [9].
To date, there is only one other study focusing on vitamin D
in British-Bangladeshi adults [43], where mean 25(OH)D was
found to be 44.0 nmol/l, higher than our own findings of
32.2 nmol/l. This could be due to the different immunoassay
used [40] or may indicate that vitamin D status in British-
Bangladeshis has become worse. A study in British-Bangladeshi
children [44] found similar levels of 25(OH)D to the prior study
in adults (mean 42 nmol/l) as well as a strong association be-
tween low 25(OH)D and low iron status. We also found an as-
sociation between low 25(OH)D and low iron status; however,
we cannot determine the direction of causality from cross-
sectional data, and it is possible that both are attributable to a
third unknown factor. Our study has also replicated previous
findings showing an association between lower vitamin D levels
and higher BMI [26]. Aside from these earlier analyses of
British-Bangladeshis, other studies exploring vitamin D defi-
ciency in the wider British South Asian population have mostly
shown similar trends to the study presented here [4, 5, 30].
There was a sharp contrast in vitamin D levels between the
British-Bangladeshi migrants and the other groups: both the
white British women and sedentee Bangladeshis were sufficient
(on average), while fewer women in these comparison groups
were deficient when compared to the Bangladeshi migrant
group. These results replicate findings from previous studies
[32, 45], although our sedentee sample had higher 25(OH)D
Figure 2. Mean serum 25(OH)D in each group in extended ‘summer’ (May–
October) versus extended ‘winter’ (November–April). White bars (h) indi-
cate summer, shaded bars () indicate winter. Error bars indicate 61 SD.
Note. Bangladeshi sedentee data not included in comparison as in
Bangladesh, UV radiation varies less across the year, and is highest/lowest
in different months of the year to the UK
Figure 1. Serum 25(OH)D in each group (white British, Bangladeshi migrant
and Bangladeshi sedentee). Box plot indicates upper/lower limits, upper/
lower quartiles and median, with circles for significant outliers. Lines at 25
and 50 nmol/L indicate ‘deficiency’ and ‘insufficiency’, respectively.
Significant difference between white British and migrants (<0.001) and be-
tween migrants and sedentees (P< 0.001) but not between white British
and sedentees (P¼ 0.558)
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levels compared to other findings [6, 46]. This is unlikely to be
due to month of sampling; previous studies were performed in
April–July, months which have a similar UV index to the period
of our study (March and April) [47]. The higher levels may be
due to the higher socio-economic class of the participants in
our study, with some of the effect attributable to different cloth-
ing and working practices, and the effect of these on exposure
to sunlight and, therefore, vitamin D synthesis. It appears that
in Bangladesh, a high proportion of women are vitamin D insuf-
ficient, but a smaller proportion are deficient compared to the
South Asian community in Britain.
We anticipated replicating the effects of previous studies
showing significantly lower vitamin D levels in winter versus
summer [4]. This was upheld for the white British women.
Winter 25(OH)D was lower than summer 25(OH)D in the
Bangladeshi migrant women, but not significantly so. This
could be because dark-skinned migrants experience less vari-
ation in vitamin D status across seasons, as has been shown
elsewhere [45].
Since the migrant and sedentee Bangladeshis came from the
same social class, region and family background in Sylhet,
Bangladesh, the main factors causing drastically lower levels of
vitamin D in the migrant Bangladeshis are likely to be those
associated with their northerly migration resulting in reduced
UV exposure, particularly during the winter months [4], con-
forming to the notion of mismatch in evolutionary medicine.
Lack of exposure to sunlight may be exacerbated by clothing
worn by Bangladeshi women, which generally tends to cover
Table 2. Explanatory models for Group A (white British and Bangladeshi migrant women)
Model A1:
Vitamin D as a continuous variable in white British and Bangladeshi migrant women, n 5 103
Variables B 95% CI (lower) 95% CI (upper) P
Winter seasona 11.776 18.997 4.554 0.002
Bangladeshi migrantb 20.696 27.643 13.748 <0.001
Low ferritin statusc 4.579 13.325 4.167 0.301
BMI 0.459 1.222 0.304 0.236
Age 0.186 0.313 0.685 0.462
Model A2:
Odds ratios in whites and migrants of being deficient, n 5 17, versus not deficient, n 5 86
Variables OR 95% CI (lower) 95% CI (upper) P
Winter seasona 0.116 0.031 0.432 0.001
Bangladeshi migrantb 0.141 0.034 0.586 0.007
Low ferritin statusc 0.479 0.116 1.971 0.308
BMI 0.941 0.807 1.097 0.437
Age 0.985 0.901 1.078 0.746
Model A3:
ORs in white British and migrants of being insufficient, n 5 70, versus sufficient, n 5 33
Variables OR 95% CI (lower) 95% CI (upper) P
Winter seasona 0.239 0.068 0.834 0.025
Bangladeshi migrantb 0.061 0.016 0.234 <0.001
Low ferritin statusc 0.412 0.070 2.413 0.326
BMI 0.937 0.837 1.049 0.260
Age 1.036 0.956 1.123 0.383
P-values that reached significance (P¼ 0.05) are shown in bold. Adjusted R2 for model A1: 0.352.
aReference: summer season.
bReference: white British.
cDefined as ferritin <13 ng/ml. Reference group: ferritin 13 ng/ml.
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them from neck to foot and may include a hijab. Cultural tradi-
tions may also affect how frequently women venture outside the
home depending on their levels of acculturation and socio-
economic status. In addition, the population in question also
transitioned from being middle class in Sylhet to one of the
poorest socio-economic groups in the UK [48] and experienced
many lifestyle changes, including dietary and working practices
that may also play a role in vitamin D status [49]. Studies have
suggested that diets rich in phytates, such as South Asian diets,
may further exacerbate the adverse health effects of vitamin D
deficiency.
Limitations of the study
Analyses were limited to available data from a study originally
designed to examine reproductive ageing. For example, there
was no specific question on vitamin D supplementation or vita-
min D dietary intake in the questionnaire. Moreover, the sample
size of each group in this study was relatively small, which lim-
ited some of the statistical analyses.
Only one serum sample was taken from each participant. A
longitudinal study would have been more robust, with multiple
samples from the same participants over a period of time, pref-
erably a year or more [4, 45], to allow for comparison of season-
al variation in the same participants. The seasonal data were
also constrained because the sedentee samples were taken in
March and April due to the logistics of the original study, al-
though this was less relevant given that UV radiation levels do
not vary as much across the year in Bangladesh. Further re-
search is needed to analyse seasonal variation in 25(OH)D
among Bangladeshi sedentees.
CONCLUSIONS AND IMPLICATIONS
In the present study, a high proportion of Bangladeshi migrant
women were mismatched to their current environment in that
29% were deficient in vitamin D, while a further 65.3% were insuf-
ficient in vitamin D, and only 6.1% were sufficient. If the study
translates more widely to British-Bangladeshi migrant women
aged 35–39, approximately 94%—many thousands of women—
may be at increased risk of negative health outcomes, such as
fractures, poor musculoskeletal health and perhaps cancer and
cardiovascular disease especially in later life, as well as potentially
higher morbidity and mortality from COVID-19. In contrast, >50%
of white British and Bangladeshi sedentee women were sufficient
in Vitamin D, with <6% of each group being deficient. Our study
also replicated results showing seasonal variation in vitamin D lev-
els in the white subjects and lower but not significantly lower lev-
els in winter in the Bangladeshi migrants [45].
As indicated in prior research, regular supplementation of
vitamin D should be more widely recommended for British-
Bangladeshis. This could be achieved through either increased
dietary intake of vitamin D-rich foods or through direct supple-
mentation, such as daily or weekly tablets of cholecalciferol [34].
Supplementation would be a relatively cost-effective method of
improving health outcomes in this sub-group in the UK which
already suffers from poorer health than the general population
[50]. Such public health measures could yield tangible health
benefits for thousands of British-Bangladeshis.
SUPPLEMENTARY DATA
Supplementary data are available at EMPH online.
Table 3. Explanatory models for Group B (Bangladeshi sedentee women)
Model B1:
Vitamin D as a continuous variable in Bangladeshi sedentees, n 5 45
Variables B 95% CI (lower) 95% CI (upper) P
Low ferritin statusa 0.841 10.680 12.362 0.884
BMI 0.319 1.272 0.635 0.504
Age 0.271 0.921 0.380 0.405
Model B3:
Odds ratios in sedentees of being insufficient, n 5 19, versus sufficient, n 5 26
Variables OR 95% CI (lower) 95% CI (upper) P
Low ferritin statusa 1.108 0.205 5.984 0.905
BMI 0.918 0.793 1.062 0.250
Age 1.044 0.947 1.150 0.387
Model B2 has not been included due to small sample size in the deficient group (n¼ 2). Adjusted R2 for model B1: 0.049.
aDefined as ferritin <13 ng/ml. Reference group: ferritin 13 ng/ml.
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